Ricinine-3,5-"C (N-methyl-3-cyano-4-methoxy-2-pyridone) administered to senescent leaves of Ricinus communis L. was translocated to all other tissues of the plant. Developing fruit and especially seeds were found to be labeled the most rapidly.
Data on N-demethyl ricinine presented here may stimulate interest in the possible physiological role of the ricinine to Ndemethyl ricinine interconversion.
A biological function for alkaloids in plants is not yet well established in spite of the extensive knowledge of their biosynthetic pathways (4, 5, 7, 11) . The increasing evidence for catabolic reactions of alkaloids (8, 9, 12) indicates that some cannot be considered merely as final products of nitrogen me- tabolism. Information on the role of a particular alkaloid in the plant can be obtained by studying its catabolic reactions, translocation, and distribution in the parent plant. Only a few reports on the translocation of alkaloids in plants have ap- peared (1, 5) .
Intensive catabolism of ricinine in Ricinus cominunis L. has been proven (9, 12) . The appearance in immature seeds of radioactive ricinine which had been administered to the plant before it bloomed (12) indicated translocation of the alkaloid into the seed from other tissues. Rapid demethylation of ricinine in senescent leaves (9) posed the question of a possible role of N-demethyl ricinine in the translocation of ricinine. Experiments described in this paper provide information on the translocation of ricinine within the body of the plant, on the relative extent of its deposition in various plant tissues, and on the significance of the N-demethyl ricinine to ricinine interconversion. MATERIALS (14) and had the specific radioactivity given in "Results." Immediately before use it was purified, using both preparative thin layer and paper chromatography (9, 14) and only one radioactive spot was observed in each system.
Administration of Labeled Compound. Labeled ricinine was administered by injecting an aqueous solution of the compound into the veins and petioles of senescent leaves using a 50-,ud syringe (9).
Isolation Procedure. Fresh parts of the plants were stored at -18 C and extracted by repeated homogenization of the frozen material with acetone at room temperature using a Sorvall Omnimixer until the residue was completely free of chlorophyll. At this stage the extraction of ricinine was 90 to 95% complete. The debris was weighed and extracted three more times with 80% (v/v) ethanol which resulted in an extraction efficiency greater than 98% for ricinine and the more polar compounds. The pooled acetone extracts were evaporated to dryness under reduced pressure. After addition of a small amount of water to the residue, the chlorophyll and lipids were removed by extraction with ether; the colored ether layer was re-extracted with water to minimize possible loss of ricinine. The combined aqueous phases were evaporated under reduced pressure, combined with the ethanol extract mentioned above, and used for chromatographic separations. Acetone extraction preceded the ethanol treatment, since it prevented the chlorophyll from transesterification, which would occur in ethanol, producing artifact pigments of higher polarity which would interfere with the chromatographic separation of ricinine and more polar compounds.
This isolation procedure followed by the chromatographic separation (9) supplied ricinine and N-demethyl ricinine in a purity satisfactory for quantitative analysis by UV. For specific radioactivity determination the compounds were further purified by preparative thin layer chromatography.
Analytical Procedures. The methods used for detection and for measuring radioactivity on thin layer chromatographic plates have been previously described (9) . Examining the thin layer chromatograms of the plant extracts by the strip counter always revealed about 5 to 10% of total radioactivity at an area where very polar substances accumulated (with RF less than 0.1). This polar radioactive fraction was not examined further.
The concentration of ricinine and N-demethyl ricinine isolated by chromatography were determined spectrophotometrically (9) Table I . Sections of part A as well as those of the more distant parts B, 0, and R were analyzed after the completion of the experiment (138 hr), and all data are summarized in Table 11 . All leaves were ana,ysed inclusive of the petioles. From the main stalk (0) and from the woody roots (R) only the cortex was taken for analysis. Raceme C consisted of fruit already fully mature and dry at the beginning of the experiment and these were not included in the analysis. For minute amounts of compounds which could not be purified by repetitive preparative TLC,' the chromatographically separated compound bound to silica gel was scraped off the plate, eluted with water, and its concentration measured spectrophotometrically using an equal amount of silica gel extract from another area (which contained no compounds) of the same TLC plate. Appropriate aliquots of the aqueous solution were assayed for radioactivity by the liquid scintillation procedure. The procedure was repeated in all cases. The two values were always within 15% of each other (averages are shown in the tables). RESULTS Experiment 1. This experiment was designed to follow the time course of ricinine deposition from the yellow leaves into maturing seeds and to determine the distribution of ricinine-'4C 138 hr after administration. Ricinine-3,5-`4C, 0.425 mg in 95 /ud of water with a specific radioactivity of 4.58 X 10 dpm/mg (total 1.95 X 106 dpm) was administered into two senescent leaves of a field plant schematically shown in Figure 1 . In the 3Abbreviation: TLC: thin layer chromatography. time intervals shown in Table I , samples of one unripe fruit and male flowers (female flowers were not available in an amount sufficient for analysis) were picked from the raceme situated above the point of ricinine administration (see Fig. 1 ).
Seeds and hulls of these samples were separated and stored at -18 C until analysis of ricinine-"C was made. At the completion of the experiment, the whole plant was divided into separate fractions. The quantitative determination of ricinine and N-demethyl ricinine isolated chromatographically from all distinct parts was followed by chromatographic purification of the isolated compounds and by the determination of specific radioactivity. The results are summarized in Table II . Recovery of the radioactivity administered (column 9 of Table II together with information available in assembling Table I ) was 1.008 X 10' dpm or approximately 52% for the experiment which lasted 1 week. Experiment 2. Ricinine-3, 5-14C, 0.746 mg in 160 ,ul of water with a specific radioactivity of 1.76 X 105 dpm/mg (total, 1.31 x 1 0 dpm) was administered to the one yellow leaf of the greenhouse castor bean plant (Fig. 2) . After 28 hr, separate parts of the experimental plant were treated in the same way as described for the preceding experiment. The results are summarized in Table III . Recovery of the radioactivity administered (sum of column 9) was 1.068 X 1 05 dpm or 81%. The shorter duration of this experiment and the nutrient-deficient condition of the plant probably decreased the extent of catabolism of ricinine to CO2. and developmental stage of the particular tissue and intensity of ricinine import is characterized by two series of values: by the specific radioactivity (Table I; column 7 of Tables II and  III) and by the amount of radioactive ricinine per gram of dry weight (Table I; column 8 of Tables II and III) . These Table   III ). The import of ricinine into small shoots growing from the main woody stalk far below the point of ricinine administration (sample 02 in Table II ) was also high, as was the import into male flowers (A7) and the seeds (A6). The mature leaves (A4 and B2) served as the major depository organ based on the total radioactivity recovered (column 9). So, it is primarily the age of the tissue and not the position on the plant that makes it a sink for ricinine import and accumulation. Leaves at the beginning of senescence imported ricinine to an extent of only about 0.15% of that shown by the apex (samples A3 and A5 in Table II ; column 8). Since the specific radioactivity as well as the concentration of the isolated ricinine in ontogenetically young tissues which imported ricinine was high, it was concluded that alkaloid import made a major contribution to their high ricinine content. The data presented do not give information on the rate of ricinine synthesis. However, Nowacki and Waller (6) demonstrated that de novo synthesis of ricinine from nicotinic acid is most intense in the growing apex of the castor bean plant.
From the time course analysis (Table I) , all tissues showed an increased deposition of ricinine-"C with time. The highest specific radioactivity was observed in "seeds minus coats" with a 29-fold increase between 2 and 138 hr following ricinine-3, 5-14C administration. The seed coats had similar specific radioactivity values but contained six to 10 times more ricinine than the "seeds minus coats" and therefore accumulated much more radioactive racinine. The male flowers accumulated a relatively small amount of ricinine-'4C.
Ricinine Transport in the Nutrient-deficient Plant. The dis- (9) . Results obtained in this study showed considerable N-demethyl ricinine in leaves which were just beginning to senesce (e.g., sample A3, Table II ). This might indicate that the ricinine decrease in senescent leaves was accompanied by an increase in N-demethyl ricinine. Toward the end of the senescence process (i.e., a completely yellow leaf) both ricinine and N-demethyl ricinine disappeared while the enzymic N-demethylating activity was still high (9) . Leaves at the beginning of senescence (sample A3, Table II) showed only a negligible deposition of ricinine translocated from the injected senescent leaf. This might mean that the disappearance of both ricinine and N-demethyl ricinine with progressing age was due more to export than to catabolism.
The finding of N-demethyl ricinine in the stems above the place of ricinine administration (Table II) and its rapid conversion into ricinine in green leaves (9) posed a question about the possible function of N-demethyl ricinine in the process of ricinine transport. Data on N-demethyl ricinine presented in Table  II exclude this substance as the possible transport form of ricinine. The specific radioactivity in N-demethyl ricinine found in stem A2 was 4.5 times lower in comparison with the leaf Al where it was formed, whereas (in the same stem) the radioactivity of ricinine exported from the leaf was only diluted 2-fold. N-demethyl ricinine was thus translocated from the senescent leaf at a considerably lower rate than ricinine. The ratios of the specific radioactivities of ricinine and N-demethyl ricinine in the stem and in senescent leaves (samples A2 and A3 in Table  II) were more nearly equal; the specific radioactivity of Ndemethyl ricinine being approximately 63% that of ricinine. This result suggests that both compounds are exported from the senescent leaves in a constant ratio.
The specific radioactivity of N-demethyl ricinine in the injected leaves (sample Al in Table II ) was significantly higher than that of ricinine. A probable explanation would be that Ndemethylation occurred rapidly, probably in the veins, before the injected radioactive ricinine became equilibrated with the endogenous pool of ricinine.
The finding of N-demethyl ricinine in the roots of the nutrient-deficient plant (Table III) (2) . There is a possibility that ricinine passively accompanies other metabolites from leaves to sinks or sites of utilization by moving along by "mass flow." However, the reason for its intense export prior to abscission remains unclear. Perhaps this alkaloid is eventually utilized for the synthesis of, or controls the synthesis of, compounds in, or closely related to, the pyridine nucleotide cycle (13) .
The observation that ricinine is translocated out of large leaves more readily than N-demethyl ricinine suggests the possibility that the formation of N-demethyl ricinine in senescent leaves might be a protective mechanism to prevent the leaves from losing all of their ricinine, i.e., N-demethyl ricinine would tend to stay in the leaf tissue and not be translocated to growing areas as readily as ricinine. In contrast, it appears that ricinine exported from the leaves to the roots of the nutrientdeficient plant (and ricinine synthesized in sitiu by roots) must be converted to N-demethyl ricinine for upward transport in the xylem transpiration stream. Since demethylation increases water solubility, it seems likely that N-demethyl ricinine would be transported in the xylem tissue.
The fact that the plant translocates ricinine away from senescent leaves to young, developing tissues and that in young tissues its content was high suggests that this compound has a specific physiologic or metabolic function in growth. A mere waste product of metabolism would not be expected to be transported into seeds and other vitally important tissues from a leaf which was to be abscised.
